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j\ BACKGROUND OF THE INVENTION 

! W FIELD OF THE INVENTION 

On 

K [0002] The present invention relates to an arrayed waveguide grating and a method for 
manufacturing the arrayed waveguide grating. 



DISCUSSION OF THE BACKGROUND 

[0003] Recently, in optical communications, research and development of the optical 
wavelength division multiplexing transmission has been conducted actively for the way to 
dramatically increase the transmission capacity thereof, and practical applications have 
been proceeding. The optical wavelength division multiplexing transmission is that a 
plurality of lights having a wavelength different from each other are multiplexed and are 
transmitted, for example. Such optical wavelength division multiplexing transmission 
systems need optical multiplexer/demultiplexers for demultiplexing light having a 
wavelength different from each other or multiplexing lights having a wavelength different 
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from each other. As one example of such optical multiplexer/demultiplexers, an arrayed 
waveguide grating (AWG) is known. 

SUMMARY OF THE INVENTION 
[0004] According to one aspect of the present invention, an arrayed waveguide grating 
includes at least one first optical waveguide, a first slab waveguide, an arrayed waveguide, a 
second slab waveguide and a plurality of second optical waveguides. The arrayed 
waveguide is connected to the first optical waveguides via the first slab waveguide. The 
arrayed waveguide includes a plurality of channel waveguides each of which has a different 
length. The plurality of second optical waveguides are connected to the arrayed waveguide 
via the second slab waveguide. A number of the plurality of channel waveguides is 
determined such that a crosstalk is at most a predetermined value. 

[0005] According to another aspect of the present invention, an arrayed waveguide grating 
includes at least one first optical waveguide, a first slab waveguide, an arrayed waveguide, a 
second slab waveguide and a plurality of second optical waveguides. The arrayed 
waveguide is connected to the first optical waveguides via the first slab waveguide. The 
arrayed waveguide includes a plurality of channel waveguides each of which has a different 
length. The plurality of second optical waveguides are connected to the arrayed waveguide 
via the second slab waveguide. A number of the plurality of channel waveguides is 
determined such that optical amplitude distribution at an interface between the first slab 
waveguide and the at least one first optical waveguide is substantially reproduced at 
interfaces between the second slab waveguide and the plurality of second optical 
waveguides. 

[0006] According to further aspect of the present invention, an arrayed waveguide grating 
includes at least one first optical waveguide, a first slab waveguide, an arrayed waveguide, a 



second slab waveguide and a plurality of second optical waveguides. The arrayed 
waveguide is connected to the at least one first optical waveguide via the first slab 
waveguide. The arrayed waveguide includes a plurality of channel waveguides each of 
which has a different length. The plurality of second optical waveguides are connected to 
the arrayed waveguide via the second slab waveguide. An optical transmittance of the 
arrayed waveguide grating has gaussian-shaped wavelength dependency. A number of the 
plurality of channel waveguides is determined such that optical amplitude distribution 
transmitted in the arrayed waveguide includes only main beam and first side lobes which 
appear on both sides of the main beam. 

[0007] According to the other aspect of the present invention, an arrayed waveguide 
grating includes at least one first optical waveguide, a first slab waveguide, an arrayed 
waveguide, a second slab waveguide and a plurality of second optical waveguides. The 
arrayed waveguide is connected to the first optical waveguide via the first slab waveguide. 
The arrayed waveguide includes a plurality of channel waveguides each of which has a 
different length. The plurality of second optical waveguides are connected to the arrayed 
waveguide via the second slab waveguide. An optical transmittance of the arrayed 
waveguide grating has rectangular-shaped wavelength dependency. A number of the 
plurality of channel waveguides is determined such that optical amplitude distribution 
transmitted in the arrayed waveguide includes only main beam, first side lobes which appear 
on both sides of the main beam, and second side lobes each appearing on an outer side of 
each of the first side lobes. 

[0008] According to further aspect of the present invention, a method for manufacturing 
an arrayed waveguide grating includes providing at least one first optical waveguide, 
providing a first slab waveguide, and providing an arrayed waveguide to be connected to the 
at least one first optical waveguide via the first slab waveguide. The arrayed waveguide 
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includes a plurality of channel waveguides each of which has a different length. Further, the 
method includes providing a second slab waveguide, and providing a plurality of second 
optical waveguides to be connected to the arrayed waveguide via the second slab waveguide. 
A number of the plurality of channel waveguides is determined such that a crosstalk is at 
most a predetermined value. 

[0009] According to yet another aspect of the present invention, a method for 
manufacturing an arrayed waveguide grating includes providing at least one first optical 
waveguide, providing a first slab waveguide, and providing an arrayed waveguide to be 
connected to the at least one first optical waveguide via the first slab waveguide. The 
arrayed waveguide includes a plurality of channel waveguides each of which has a different 
length. Further, the method includes providing a second slab waveguide, and providing a 
plurality of second optical waveguides to be connected to the arrayed waveguide via the 
second slab waveguide. A number of the plurality of channel waveguides is determined 
such that optical amplitude distribution at an interface between the first slab waveguide and 
the at least one first optical waveguide is substantially reproduced at interfaces between the 
second slab waveguide and the plurality of second optical waveguides. 
[0010] According to further aspect of the present invention, a method for manufacturing 
an arrayed waveguide grating includes providing at least one first optical waveguide, 
providing a first slab waveguide, and providing an arrayed waveguide to be connected to the 
at least one first optical waveguide via the first slab waveguide. The arrayed waveguide 
includes a plurality of channel waveguides each of which has a different length. Further, the 
method includes providing a second slab waveguide, and providing a plurality of second 
optical waveguides to be connected to the arrayed waveguide via the second slab waveguide. 
The arrayed waveguide grating has an optical transmittance having gaussian-shaped 
wavelength dependency. A number of the plurality of channel waveguides is determined 



such that optical amplitude distribution transmitted in the arrayed waveguide includes only- 
main beam and first side lobes which appear on both sides of the main beam. 
[0011] According to further aspect of the present invention, a method for manufacturing an 
arrayed waveguide grating includes providing at least one first optical waveguide, providing 
a first slab waveguide, and providing an arrayed waveguide to be connected to the at least 
one first optical waveguide via the first slab waveguide. The arrayed waveguide includes a 
plurality of channel waveguides each of which has a different length. Further, the method 
includes providing a second slab waveguide, and providing a plurality of second optical 
waveguides to be connected to the arrayed waveguide via the second slab waveguide. The 
arrayed waveguide grating has an optical transmittance having rectangular-shaped 
wavelength dependency. A number of the plurality of channel waveguides is determined 
such that optical amplitude distribution transmitted in the arrayed waveguide includes only 
main beam, first side lobes which appear on both sides of the main beam, and second side 
lobes each appearing on an outer side of each of the first side lobes. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0012] A more complete appreciation of the invention and many of the attendant 
advantages thereof will become readily apparent with reference to the following detailed 
description, particularly when considered in conjunction with the accompanying drawings, 
in which: 

Fig. 1 depicts a schematic diagram illustrating one example of a waveguide pattern 
of the arrayed waveguide grating; 

Fig. 2 depicts a graph illustrating an optical amplitude distribution inside the 
arrayed waveguide in one embodiment (Example 1) of the invention; 

Fig. 3 depicts a graph illustrating the transmitted spectrum of Example 1; 



Fig. 4 depicts a graph illustrating an optical amplitude distribution inside the 
arrayed waveguide in another embodiment (Example 2) of the invention; 

Fig. 5 depicts a graph illustrating the transmitted spectrum of Example 2; 

Figs. 6 A to 6C depict graphs illustrating optical amplitude distributions inside the 
arrayed waveguide in gaussian type arrayed waveguide gratings where the number of 
channel waveguides is different from each other; 

Fig. 7 depicts a graph illustrating the difference of the adjacent crosstalk in the 
gaussian type arrayed waveguide gratings where the number of the channel waveguides is 
different from each other; 

Fig. 8 depicts a graph illustrating the difference of the adjacent crosstalk in flat type 
arrayed waveguide gratings where the number of channel waveguides is different from each 
other; 

Figs. 9 A to 9C depict graphs illustrating optical amplitude distributions inside the 
arrayed waveguide in the flat type arrayed waveguide gratings where the number of the 
channel waveguides is different from each other; 

Fig. 10 depicts a graph illustrating the transmitted spectrum of a conventional 
gaussian type arrayed waveguide grating; 

Fig. 1 1 depicts a graph illustrating the transmitted spectrum of a conventional flat 
type arrayed waveguide grating; and 

Fig. 12 illustrates optical amplitude distributions inside the arrayed waveguide for 
explaining the main beam and side lobes. 



DESCRIPTION OF THE EMBODIMENTS 
[0013] The embodiments will now be described with reference to the accompanying 
drawings, wherein like reference numerals designate corresponding or identical elements 
throughout the various drawings. 

[0014] The arrayed waveguide grating is that a waveguide pattern as shown in Fig. 1 is 
formed on a substrate 1, for example. Referring to Fig. 1, the waveguide pattern is formed 
to have at least one of optical input waveguides (at least one first optical waveguide) 2 
arranged side by side, a first slab waveguide 3 connected to the outgoing side of the optical 
input waveguides 2, an arrayed waveguide 4 connected to the outgoing side of the first slab 
waveguide 3, a second slab waveguide 5 connected to the outgoing side of the arrayed 
waveguide 4, and a plurality of optical output waveguides (second optical waveguides) 6 
which are arranged side by side and which are connected to the outgoing side of the second 
slab waveguide 5. 

[0015] The arrayed waveguide 4 propagates light that has been lead through the first slab 
waveguide 3. The arrayed waveguide 4 includes a plurality of channel waveguides (4a) 
arranged side by side. The length of the adjacent channel waveguides (4a) varies each other 
by a predetermined length (AL). 

[0016] Additionally, the optical output waveguides 6 are disposed corresponding to the 
number of signal lights having a different wavelength each other, the signal lights are 
demultiplexed by the arrayed waveguide grating, for example. The channel waveguides 
(4a) that constitute the arrayed waveguide 4 are generally disposed in multiple such as three 
hundreds. However, in Fig. 1, the number of the channel waveguides (4a), the optical 
output waveguides 6 and the optical input waveguides 2 are schematically depicted to 
simplify the drawing. 

[0017] For example, the transmitting side of optical fibers is connected to the optical input 



waveguides 2 to lead multiplexed light. The light that has been lead to the first slab 
waveguide 3 through one of the optical input waveguides 2 and is diffracted by the 
diffraction effects enters the arrayed waveguide 4. 

[0018] The light that has propagated through the arrayed waveguide 4 reaches the second 
slab waveguide 5. Then, the lights having a different wavelength are focused at the optical 
output waveguides 6 to be outputted. At this time, the length of the adjacent channel 
waveguides (4a) of the arrayed waveguide 4 varies each other by the predetermined length. 
Thus, a shift is generated in the phase of the respective lights having a different wavelength 
after propagating through the arrayed waveguide 4. According to this shifted amount, the 
phasefront of these lights is tilted. This tilted angle determines the positions at which the 
lights are focused. Therefore, the positions at which the lights having a different 
wavelength are focused differ from each other. On this account, the optical output 
waveguides 6 are formed on the position at which the lights are focused and thereby the 
lights having a different wavelength can be outputted from the different optical waveguides 
6 at every wavelength. 

[0019] For example, as shown in Fig. 1 , when multiplexed light having wavelengths X 1 , 
X2,X3, •', and Xn (n is an integer of two or greater) is inputted from one of the optical 
input waveguides 2, this light is diffracted at the first slab waveguide 3 to reach the arrayed 
waveguide 4. Then, they pass through the arrayed waveguide 4 and the second slab 
waveguide 5, are focused at different positions according to wavelengths and enter the 
optical output waveguides 6 different from each other, as set forth. Then, each of lights 
passes through the respective optical output waveguides 6 and is outputted from the output 
end of the optical output waveguides 6. An optical fiber for outputting light is connected to 
the output end of each of the optical output waveguides 6 and thereby each of the lights 
having a different wavelength is removed through the optical fiber. 



[0020] In this arrayed waveguide grating, the improvement of the wavelength resolution 
of the diffraction grating is in proportion to a length difference (AL) of each of the channel 
waveguides (4a) of the arrayed waveguide 4. Therefore, the AL is designed large and 
thereby the optical multiplexing/demultiplexing lights having a narrow wavelength spacing 
is made possible. Accordingly, the function of multiplexing and demultiplexing a plurality 
of lights, that is, the function of multiplexing or demultiplexing a plurality of lights having a 
narrow wavelength spacing can be served, which is needed to realize the high-density 
optical wavelength division multiplexing transmission. 

[0021] An arrayed waveguide grating shown in Fig. 1 is obtained by forming the 
waveguide pattern mentioned above on a substrate 1 made of silicon (Si), for example, in 
the following manner. 

[0022] First, an under cladding film (the principle constituent is Si0 2 ) and a core film 
(glass whose principle constituent is Ge0 2 -doped Si0 2 , for example) are formed on the 
silicon substrate 1 one by one to form by the flame hydrolysis deposition method 
subsequently to consolidate. Then, the core film is patterned by photolithography and dry 
etching to form the waveguide described above. Subsequently, the waveguide pattern of the 
core film is covered to deposit an over cladding film by the flame hydrolysis deposition 
method, after that to consolidate, then the arrayed waveguide grating is fabricated. 
[0023] The arrayed waveguide gratings as described above include a "gaussian type 
arrayed waveguide grating" and a "flat type arrayed waveguide grating". The gaussian type 
arrayed waveguide grating has the optical transmittance having gaussian-shaped 
wavelength dependency. The flat type arrayed waveguide grating has the optical 
transmittance having rectangular-shaped wavelength dependency. 

[0024] Conventionally, the gaussian type arrayed waveguide grating (100 GHz- 1 6 channel 
gaussian type arrayed waveguide grating) that multiplexes and demultiplexes 



16-wavelengths at interval of 100 GHz (it is about 0.8 nm when converted to a wavelength 
basis) has been fabricated by using parameters shown in Table 1, for example. Fig. 10 
depicts the wavelength dependency of the optical transmittance of the gaussian type arrayed 
waveguide grating fabricated according to the parameters in Table 1. 
Table 1 



Parameter 


Design value 


Number of wavelengths 


16 


Channel spacing 


100 GHz 


Free spectral range (FSR) 


25.86 nm (for 32 waves) 


Focal length of the first and second slab waveguides 


9245.3 nm 


Channel waveguide optical pass length difference AL 


63.06 um 


Diffraction order 


59 


Number of channel waveguides 


206 



[0025] Additionally, the flat type arrayed waveguide grating (1 00 GHz- 1 6 channel flat 
type arrayed waveguide grating) that multiplexes and demultiplexes 16-wavelengths at 
intervals of 100 GHz has been fabricated by using parameters shown in Table 2, for example. 
Fig. 1 1 shows the wavelength dependency of the optical transmittance of the flat type 
arrayed waveguide grating fabricated according to the parameters in Table 2. 



Table 2 



Parameter 


Design value 


Number of wavelengths 


16 


Channel spacing 


100 GHz 


Free spectral range (FSR) 


25.86 nm (for 32 waves) 


Focal length of the first and second slab waveguides 


13580.1 um 


Channel waveguide optical pass length difference AL 


63.06 um 


Diffraction order 


59 


Number of channel waveguides 


303 
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[0026] However, with respect to the wavelength dependencies of the optical transmittance 
in the conventional arrayed waveguide grating, the transmitted spectrum is broadened in the 
gaussian type arrayed waveguide grating and the flat type arrayed waveguide grating, as 
shown in Figs. 1 0 and 1 1 . 

[0027] Accordingly, in both of the conventional gaussian type arrayed waveguide grating 
and the conventional flat type arrayed waveguide grating, isolations between the adjacent 
channels are not sufficient and the crosstalk is approximately —23 dB to —24 dB. 
[0028] When the arrayed waveguide grating is adopted as the wavelength 

0 miltiplexer/demultiplexer in the wavelength division multiplexing transmission, it is 

o 

ill substantially important to suppress the crosstalk between the adjacent channels. Generally, 

O 

TU the wavelength division multiplexing transmission system requires the adjacent crosstalk of, 

rtJ 

w for example, about -26 dB or less. 

JZ [0029] In both the gaussian type arrayed waveguide grating and the flat type arrayed 

1 waveguide grating, the optical amplitude distribution in the interface between one of the 
r? optical input waveguides and the first slab waveguide is Fourier-transformed. Then, the 

Fourier transform pattern of the optical amplitude distribution is formed in the arrayed 
waveguide having the plurality of the channel waveguides arranged side by side. 
[0030] As described above, the lengths of the adjacent channel waveguids of the arrayed 
waveguide are different from each other by the predetermined length. Because of this, a 
shift is generated in the phase of the respective lights after propagating through the arrayed 
waveguide. The phasefront of these lights is tilted according to this shifted amount and the 
lights are focused in the direction orthogonal to the phasefront at every wavelength. On this 
account, in theory, the optical amplitude distribution in the interface between one of the 
optical input waveguides and the first slab waveguide is substantially reproduced in the 
interface between the second slab waveguide and the output waveguides. 
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[0031] However, in the optical path from one of the optical input waveguides to the optical 
output waveguides, the lights in fact propagate as they are influenced by the fabrication 
errors of the arrayed waveguide grating. 

[0032] When the influences of the fabrication errors (process errors in fabrication) of the 
arrayed waveguide grating are described specifically, the followings are named. First, the 
light diffracted from one of the optical input waveguides is fluctuated due to the refractive 
index and the film thickness fluctuation inside the first slab waveguide. Secondly, phase 
errors are generated due to the refractive index and the film thickness and width (the width 
of the channel waveguides) fluctuations inside the arrayed waveguide grating. Thirdly, 
when the light emitted from the arrayed waveguide is focused on the output waveguides, 
pattern defocus is generated due to the refractive index and the film thickness fluctuation 
inside the second slab waveguide. 

[0033] As influenced by such process errors in fabricating the arrayed waveguide grating, 
the optical amplitude distribution in the interface between one of the optical input 
waveguides and the first slab waveguide is not fully reproduced in the interface between the 
second slab waveguide and the optical output waveguides. On this account, the 
conventional arrayed waveguide grating has the wavelength dependencies of the optical 
transmittance as shown in Figs. 10 and 11, and the adjacent crosstalk is deteriorated. 
[0034] The inventors have been conducted various studies because the inventors thought 
that the influences by the arrayed waveguide is particularly great among the process errors 
as described above. Consequently, the inventors found that the influences of the process 
errors may be reduced by setting the number of the channel waveguides of the arrayed 
waveguide properly. 

[0035] That is, the inventors found that the influences of the process errors may be 
suppressed by determining the number of the channel waveguides of the arrayed waveguide 
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appropriately. In other words, the inventors confirmed that the number of the channel 
waveguides is defined appropriately and thereby the optical amplitude distribution in the 
interface between one of the optical input waveguides and the first slab waveguide can be 
substantially reproduced in the interface between the second slab waveguide and the optical 
output waveguides, and that the deterioration of the adjacent crosstalk in the arrayed 
waveguide grating can be suppressed. 

[0036] The inventors determined the proper value for the number of the channel 
waveguides in both the gaussian type arrayed waveguide grating and the flat type arrayed 
waveguide grating by the following manner. 

[0037] The inventors first considered determining the number of the channel waveguides 
in the gaussian type arrayed waveguide grating. The inventors fabricated gaussian type 
arrayed waveguide gratings having 175, 110 and 70 channel waveguides where only the 
number of the channel waveguides are varied to measure the optical amplitude distributions 
in the gaussian type arrayed waveguide gratings having the parameters in Table 1 . Figs. 6 A, 
6B and 6C show the measurement results, respectively. In addition, each of the drawings 
shows that the arrangement order of the channel waveguides is set to array numbers and the 
optical amplitude distribution is normalized as the value at the peak is set one. 
[0038] The adjacent crosstalk was obtained on these three types of gaussian type arrayed 
waveguide gratings and the conventional gaussian type arrayed waveguide grating having 
about 206 channel waveguides and the relationship between the number of the channel 
waveguides and the adjacent crosstalk of the gaussian type arrayed waveguide gratings was 
considered. Fig. 7 shows the result. 

[0039] In these gaussian type arrayed waveguide gratings, it was found that when the 
number of the channel waveguides is excessive such as 175, the optical amplitude 
distribution reproduced in the interface between the second slab waveguide and the optical 
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output waveguides is greatly influenced by the extra part of the Fourier transform pattern of 
the optical amplitude distribution that is disturbed due to the process errors described above 
and is shown in Fig. 6A. In this case, the optical transmittance of the gaussian type arrayed 
waveguide gratings is as shown in Fig. 10 in which the transmitted spectrum is spread. 
[0040] On the other hand, in the gaussian type arrayed waveguide gratings, it was found 
that when the number of the channel waveguides is too small such as 70, a part of 
information of the main beam in the Fourier transform pattern of the optical amplitude 
distribution happens to be cut deliberately, as shown in Fig. 6C. Therefore, it was found that 
the Fourier transform pattern of the optical amplitude distribution is formed into another 
pattern different from the original pattern. 

[0041] On the contrary, according to an embodiment of the present invention, as shown in 
Fig. 6B, the number of the channel waveguides is determined such that optical amplitude 
distribution transmitted in the arrayed waveguide includes only main beam and first side 
lobes (SI) which appear on both sides of the main beam. The optical amplitude distribution 
transmitted in the arrayed waveguide may include a part or an entirety (Slo) of the first side 
lobes (SI). However, the optical amplitude distribution does not include second side lobes 
(S2). Accordingly, the optical amplitude distribution in the interface between one of the 
optical input waveguides and the first slab waveguide is substantially reproduced in each of 
interfaces between the second slab waveguide and the optical output waveguides in the 
gaussian type arrayed waveguide gratings. Consequently, the adjacent crosstalk in the 
gaussian type arrayed waveguide grating may be improved. 

[0042] Referring to Fig. 12, the main beam and side lobes are explained. Fig. 12 is one 
example for the purpose of explaining the main beam and side lobes. Referring to Fig. 12, 
the center beam (MB) which has the highest peak is the main beam. Two beams (SI) which 
appear on both sides of the main beam (MB) and which have the second highest peaks are 
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the first side lobes. Further, the phase of the main beam (MB) is different from the phases of 
the first side lobes (SI) by 180 degrees. Two beams (S2) each of which appears on an outer 
side of each of the first side lobes (SI) and which have the third highest peaks are the second 
side lobes. Further, the phases of the second side lobes (S2) are different from the phases of 
the first side lobes (SI) by 180 degrees. Two beams (S3) each of which appears on an outer 
side of each of the second side lobes (S2) and which have the fourth highest peaks are the 
third side lobes. Further, the phases of the third side lobes (S3) are different from the phases 
of the second side lobes (S2) by 180 degrees. 

[0043] According to the present embodiment of the present invention, in the gaussian type 
arrayed waveguide gratings, the number of the channel waveguides is determined such that 
optical amplitude distribution transmitted in the arrayed waveguide includes only main 
beam and first side lobes (SI). 

[0044] According to the present embodiment of the present invention, the number of the 
channel waveguides is determined such that a crosstalk is at most a predetermined value. 
The predetermined value is, for example, about -26dB. 

[0045] According to the present embodiment of the present invention, the number of the 
channel waveguides is determined such that optical amplitude distribution at an interface 
between the first slab waveguide and one of the at least one first optical waveguide is 
substantially reproduced at an interface between the second slab waveguide and the 
plurality of second optical waveguides. 

[0046] Therefore, the adjacent crosstalk in the gaussian type arrayed waveguide grating 
may be improved. 

[0047] Next, in order to determine the configuration in the flat type arrayed waveguide 
grating, the inventors fabricated a plurality of flat type arrayed waveguide gratings only 
different in the number of the channel waveguides among the parameters in Table 2 and 
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experimentally studied how the values of the adjacent crosstalk change. Fig. 8 shows the 
result. According to the result shown in Fig. 8, it was found that when the number of the 
channel waveguides is reduced lower than the value (303 waveguides) of the conventional 
example shown in Table 2, the values of the adjacent crosstalk are improved, whereas when 
the number of the channel waveguides is reduced too many, the values of the adjacent 
crosstalk are deteriorated. 

[0048] That is, in the flat type arrayed waveguide grating, it was found that the number of 
the channel waveguides has the optimum value as well. In the study result shown in Fig. 8, 
it was found that the number of the channel waveguides of the flat type arrayed waveguide 
grating is set nearly 200 and thereby the adjacent crosstalk can be made minimum. 
[0049] Additionally, in the flat type arrayed waveguide grating having the parameters 
shown in Table 2, the flat type arrayed waveguide gratings where only the number of the 
channel waveguides are varied to 225, 200, 150 were fabricated and the optical amplitude 
distribution was measured. Figs. 9A, 9B and 9C show the measurement results, respectively. 
Besides, the arrangement order of the channel waveguides is set to array numbers and the 
normalized optical amplitude distribution is shown. 

[0050] According to the measurement results shown in these drawings, it was found that 
when the number of the channel waveguides is excessive such as 225, the optical amplitude 
distribution reproduced in the interface between the second slab waveguide and the optical 
output waveguides is greatly influenced by the extra part of the Fourier transform pattern of 
the optical amplitude distribution that is disturbed due to the process errors described above 
and is shown in Fig. 9A in the flat type arrayed waveguide grating. In this case, the optical 
transmittance of the flat type arrayed waveguide grating is as shown in Fig. 1 1 in which the 
transmitted spectrum is spread. 

[0051] On the other hand, when the number of the channel waveguides is too small such as 
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150, a part of information of the first side lobe (SI) in the Fourier transform pattern of the 
optical amplitude distribution happens to be cut deliberately, as shown in Fig. 9C in the flat 
type arrayed waveguide gratings. On this account, it was found that the Fourier transform 
pattern of the optical amplitude distribution is formed into another pattern different from the 
original pattern. 

[0052] According to an embodiment of the present invention, as shown in Fig. 9B, in the 
flat type arrayed waveguide grating, the number of the channel waveguides is determined 
such that optical amplitude distribution transmitted in the arrayed waveguide includes only 
main beam, first side lobes which appear on both sides of the main beam, and second side 
lobes each appearing on an outer side of each of the first side lobes. The optical amplitude 
distribution transmitted in the arrayed waveguide may include a part or an entirety (S2o) of 
the second side lobes (S2). However, the optical amplitude distribution does not include 
third side lobes (S3). Accordingly, the optical amplitude distribution in the interface 
between one of the optical input waveguides and the first slab waveguide is substantially 
reproduced in the interface between the second slab waveguide and the optical output 
waveguides in the flat type arrayed waveguide gratings. Consequently, the adjacent 
crosstalk in the flat type arrayed waveguide grating may be improved. 
[0053] According to the present embodiment of the present invention, in the flat type 
arrayed waveguide gratings, the number of the channel waveguides is determined such that 
optical amplitude distribution transmitted in the arrayed waveguide includes only main 
beam, first side lobes and second side lobes. 

[0054] According to the present embodiment of the present invention, the number of the 
channel waveguides is determined such that a crosstalk is at most a predetermined value. 
The predetermined value is, for example, about -26dB. 

[0055] According to the present embodiment of the present invention, the number of the 
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channel waveguides is determined such that optical amplitude distribution at an interface 
between the first slab waveguide and one of the at least one first optical waveguide is 
substantially reproduced at an interface between the second slab waveguide and the 
plurality of second optical waveguides. 

[0056] Therefore, the adjacent crosstalk in the flat type arrayed waveguide grating may be 
improved. 

[0057] Specific examples are the following arrayed waveguide gratings of Example 1 and 
Example 2, for example. The arrayed waveguide grating of Example 1 is the gaussian type 
arrayed waveguide grating. The number of the channel waveguides is determined such that 
optical amplitude distribution transmitted in the arrayed waveguide includes only main 
beam and first side lobes. 

[0058] Additionally, the arrayed waveguide grating of Example 2 is the flat type arrayed 
waveguide grating. The number of the channel waveguides is determined such that optical 
amplitude distribution transmitted in the arrayed waveguide includes only main beam, first 
side lobes which appear on both sides of the main beam, and second side lobes each 
appearing on an outer side of each of the first side lobes. 

[0059] Hereafter, the configurational examples of these Examples 1 and 2 will be 
described in detail on the separated cases. 

(Example 1) 

[0060] The arrayed waveguide grating of Example 1 has parameters shown in Table 3. 
The arrayed waveguide grating of Example 1 was fabricated by applying the method 
previously described. In Example 1, the parameters in Table 3 were adopted for fabricating 
a photomask pattern. 
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Table 3 



Parameter 


Design value 


Number of wavelengths 


16 


Channel spacing 


100 GHz 


Free spectral range (FSR) 


25.86 nm (for 32 waves) 


Focal length of the first and second slab waveguides 


9245.3 urn 


Channel waveguide optical pass length difference AL 


63.06 urn 


Diffraction order 


59 


Number of channel waveguides 


111 



[0061] Fig. 2 depicts the optical amplitude distribution inside the arrayed waveguide in the 
arrayed waveguide grating of Example 1 . In addition, Fig. 3 depicts the transmitted 
spectrum of the arrayed waveguide grating of Example 1. As apparent from Fig. 3, the 
arrayed waveguide grating of Example 1 was formed to be a substantially excellent arrayed 
waveguide grating having the adjacent crosstalk of about -30 dB. 

(Example 2) 

[0062] The arrayed waveguide grating of Example 2 has parameters shown in Table 4. 
The arrayed waveguide grating of Example 2 was fabricated by applying the method 
previously described. In Example 2, the parameters in Table 4 were adopted for fabricating 
a photomask pattern. 
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Table 4 



Parameter 


Design value 


Number of wavelengths 


16 


Hannel spacing 


100 GHz 


Free spectral range (FSR) 


25.86 nm (for 32waves) 


Focal length of the first and second slab waveguides 


13580.1 urn 


Channel waveguide optical pass length difference AL 


63.06 urn 


Diffraction order 


59 


Number of channel waveguides 


200 



[0063] Fig. 4 depicts the optical amplitude distribution inside the arrayed waveguide in the 
arrayed waveguide grating of Example 2. In addition, Fig. 5 depicts the transmitted 
spectrum of the arrayed waveguide grating of Example 2. As clear from Fig. 5, the arrayed 
waveguide grating of Example 2 was formed to be a substantially excellent arrayed 
waveguide grating having the adjacent crosstalk of about -31 dB. 

[0064] The invention is not limited to each of the embodiments described above, which 
can adopt various embodiments. For example, the number of the channel waveguides was 
set 1 1 1 in Example 1 and the number of the channel waveguides was set 200 in Example 2. 
However, the number of the channel waveguides may be set arbitrarily according to the 
number of the wavelengths of the arrayed waveguide grating or an amount of the optical 
transmittance bandwidth. 

[0065] Moreover, each of the parameters in the arrayed waveguide grating is not limited to 
the parameters shown in Examples 1 and 2, which can be set arbitrarily. In both cases of the 
gaussian type and the flat type, by properly determining the number of the channel 
waveguides (4a), crosstalk may be improved. 

[0066] In the above embodiments, although the arrayed waveguide grating is utilyzed as a 
demultiplexer, the arrayed waveguide grating may also be utilyzed as a multiplexer. In such 
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a case, lights are input from the second optical waveguides 6 and multiplexed light is output 
from one of the first optical waveguides 2. 

[0067] Obviously, numerous modifications and variations of the present invention are 
possible in light of the above teachings. It is therefore to be understood that within the scope 
of the appended claims, the invention may be practiced otherwise than as specifically 
described herein. 



